Abstract: The aim of this study is to evaluate the impact of a drainage system on soil water conditions in a loam soil compared to that in undrained clay loam soil under various topographic conditions. The soils are located on a sloping area at Lidzbark Warminski experimental site (Poland) with well surface water outflow conditions and used as a pasture. The loam soil was drained with ceramic drainage pipes with an average drain spacing of 14 m and an average drain depth of 0.9 m, while the clay loam soil profile was not drained. The research was conducted during the period from 1999 to 2005. Ground water level as well as soil moisture content were measured monthly for both soil profiles. Meteorological conditions (precipitation and data for calculation of reference evapotranspiration) were also recorded. The results obtained show that in the loam soil (drained site) water level is on average 42 cm higher compared to that in the clay loam soil (not drained site). In both soils the amplitude of the ground water level changes was relatively high and exceeds 300 cm. In the drained loam soil, the water level position exceeded the depth of the drainage system in very wet, wet and average years. Under wet meteorological conditions the increase in ground water levels in the clay loam soil was slower than in the loam soil.
Introduction
Drainage, the process of removing excess water from land, is essential for agriculture on many of the word's most productive lands. Removal of excess water accelerates drying of the soil at the beginning of the growing season, which enables to prepare the soil for planting earlier and thus lengthen the growing season. It provides traction for farm equipment and mechanical strength to reduce compaction. It also warms the soil to aid early plant growth. Good aeration favors root activity, makes plant nutrients available, and leads to a better balanced microbial population and to reduce incidence of plant pathogens (Skaggs & van Schilfgaarde 1999) . Cultivation of heavy soils like loams and clay loams is difficult because they lose their structure during excessive moist conditions and exhibits low permeability, poor aeration and a tendency for gleying. Draining of excess water through drainage systems enables to maintain an aggregated soil structure and improve air-water conditions. The higher water capacity limits surface runoff, therefore counteracting soil erosion and increasing soil water storage available for plants. Uniformity of moisture in drained soils enables better quality and higher crop yield during wet as well as dry years (Jasnowski & Ilnicki 1988) . Thus land drainage as a tool to manage groundwater level plays an important role in maintaining and improving crop yields (Bos & Boers 1994) . Drainage is an important and indispensable component of water and soil management. During the last years, results of research about land drainage for Polish conditions have been published. This research has focused on the impact of drainage on the relationships among precipitation, ground water level and soil water storage under controlled and uncontrolled outflow conditions (Plywaczyk & Peczkowski 1997; Kostrzewa et al. 1998) . Wanke (2000) has presented results of research on the influence of the functioning of specific drainage systems on spring cultivation and crop development in clay soils. Most of this research has been conducted on flat or low slope area. The aim of this paper is to evaluate the impact of a drainage system on soil water conditions in a loamy soil compared to that non-drained clay loam soil under miscellaneous topographical conditions.
Material and methods
The research was conducted on Lidzbark Warminski experimental site (54 • 08 N, 20
• 35 E), located in warminskomazurskie province in Poland. Brown Soils and Mollic Gleysols developed from silt and clay dominate in this. These soils are situated on sloping areas with partly well surface water outflow. Two different types of soil were examined, namely: loam (L) and clay loam (CL) (Glossary of Soil Science Terms, 1997 40% of silt and 37% of clay fraction. The average value of organic matter content was equal to 3.4% in loam profile and 1.2% in clay loam profile. The loam soil was drained by means of ceramic drainage pipes with average drain 14 m spacing and average 0.9 m drain depths. The clay loam soil profile was not drained. The average slope of the surface elevation was equal to 3% with a maximum slope reaching 10%. Both soils were used as a pasture.
In the study region average yearly air temperature is equal to 7.1
• C and average yearly sum of precipitation equal to 624 mm. The highest amount of rainfall is usually observed in July and August. The vegetation period lasts about 200 days. The snow cover occurs during 60-65 days (Nowicka et al. 1994) .
The research was conducted during the period from 1999 to 2005. Ground water level as well as soil moisture content was measured monthly for both soil profiles. The moisture content was monitored at the layer 20-25 cm using the Theta Meter HH1 for the period from 1999 to 2002. The soil moisture retention characteristics were measured in triplicates for three soil layers using the sand table (Zawadzki 1973) and pressure chamber methods (Klute 1986 ) for each soil profile. The van Genuchten model was used for analytical description of water retention curves (van Genuchten 1980) . The fitting of measured data was performed using the RETC code (van Genuchten et al. 1991) . During the fitting saturated moisture content (θs) was fixed to the measured values while the residual moisture content (θr) and the shape parameters (α and n) were optimized. At the experimental site the following daily meteorological data were collected: air temperature, air humidity, wind speed and precipitation. The sunshine hours data were recorded at Olsztyn meteorological station (Kozminski & Michalska 2005) . The meteorological data were used for calculation of reference evapotranspiration according to Penman-Montieth formula (Allen et al. 2000) .
Results and discussion
Measured values of precipitation and calculated values of reference evapotranspiration and precipitation deficit for growing season (April-September) and for whole year for the period 1999-2005 are presented in Table 1 . Based on the measured values of precipitation in a particular year and average long-term precipitation values, the years were classified according to classification proposed by Kaczorowska (1962) . During the study period very wet, wet, average and dry years occurred. Years 1999 and 2004 can be classified as very wet (yearly sum of precipitation is in the range from 126 to 150% of average long-term precipitation) and year 2001 as wet (precipitation in the range from 111 to 125%). An average year occurred in 2002 (precipitation in the range from 90 to 110%). Dry years occurred three times during the study period (2000, 2003 and 2005) . In this case the yearly sum of precipitation was in the range from 75 to 89 % of the long-term average precipitation value. Calculated yearly value of the reference evapotranspiration was varying from 559 mm (in very wet year 2004) to 698 mm (in average year 2002). In Table 1 values of precipitation deficit calculated as difference between the reference evapotranspiration and precipitation are presented. The highest value of precipitation deficit was observed in the dry year of 2005 (deficit equal to 118 mm) while the lowest occurred in the very wet year of 2004 for which the value of the deficit was equal to −253 mm, which means that excess precipitation was observed. Excess precipitation was observed in very wet and wet years, while during average and dry years a precipitation deficit was observed.
The values of the parameters of van Genuchten equation describing soil moisture retention characteristic for different layers in the two soil profiles are presented in Table 2 . Measured and fitted soil moisture retention curves are plotted in Fig. 1 . In these soils the saturated moisture content (θ s ) is ranging from 0.4811 to 0.5378 cm 3 cm −3 and there is no substantial differences in the values of θ s between layers as well as soil profiles. In all soil layers except layer 20-25 cm of loam soil profile, optimized residual moisture content is equal to 0 cm 3 cm −3 . The values of the parameter α which inverse value represents the air-entry pressure are lower in the clay loam profile compared to the loam soil profile. In addition, the optimized values of the parameter n are lower in the clay loam profile in comparison to the loam soil profile. The differences in the shape parameters (α and n) in the two soil profiles results in steeper retention curve in the clay loam soil profile compared to the loam soil profile (Fig. 1) .
Monthly values of precipitation and reference evapotranspiration, volumetric soil moisture contents (at the depth of 20-25 cm) in loam and clay loam soil profiles as well as ground water levels during the ob- servation period are presented in Fig. 2 . The field capacity, refill and wilting points are indicated on Fig. 2b and c volumetric soil moisture content as a function of time. These values were assessed based on the fitted soil moisture retention curves. The moisture content at field capacity corresponded to the moisture content at a pressure head equal to -333 cm, the refill point to a pressure head equal to -1000 cm and the wilting point to a pressure head of -15 848 cm. From the analysis of ground water level data (Fig. 2d) it can be seen that in the loam soil (drained site) the water level is higher by 42 cm on average in comparison to the water levels in the clay loam soil (undrained site). In both soils the amplitude of the ground water level changes is relatively high and exceeds 300 cm. The low ground water level position was observed at the end of the dry years 2000 and 2003 when ground water level decrease to almost 350 cm in both soils. In the drained site (loam soil) the water level position was above the depth of the drainage system (drainage depth 90 cm) in very wet, wet and average years. During the wet or very wet year preceded by dry year (for example 2001 wet year preceded by dry year 2000) a increase in ground water levels was observed for a relatively long period of time. The increase in ground water level in the clay loam was slower and longer than in the loam soil. From the analysis of soil moisture content data measured at depth of 20-25 cm it can be seen that in both soils the range of changes was relatively large from values lower than the moisture content at wilting point to higher than that at field capacity (Figs 2b and c) . In the case of drained loam soil during non-vegetation periods moisture content exceeded the field capacity while in the summer time it decreased to the wilting point and in dry years even below the wilting point (Fig. 2b) . Soil moisture content values in non-drained clay loam soil profile oscillated around the refill point and in the summer of dry years dumped below the permanent wilting point. At the time when the moisture content in the loam soil was higher than the field capacity, the ground water table was above the level of the drain depth.
Conclusions
Based on the performed research the following conclusions can be formulated: 1. Under miscellaneous topography conditions in drained loam soil used as a pasture water level position exceeded the depth of drainage system in very wet, wet and average years and the amplitude of ground water 568 D. Szejba et al. level changes exceeds 300 cm. During the wet or very wet year preceded by a dry year, a slow increases in ground water level that lasted for a prolonged period of time was observed. During non vegetation period soil moisture content in the root zone (20-25 cm) exceeded the field capacity while in summer time it decreased to the wilting point and in dry year even below the wilting point.
2. In non-drained clay loam soil water level was on average 42 cm lower in comparison with water level in the drained loam soil. Under wet meteorological conditions the increase in ground water level in the clay loam was slower and more prolonged than in the loam soil. Soil moisture content values in the undrained clay loam oscillated around the refill point and in the summer of dry years it decreased below the permanent wilting point.
